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Green Dam and Blue Revolution
Koichiro KURAJI*

*The University Forest in Aichi, Graduate School of Agriculture and Life Sciences, The University of Tokyo

Abstract
Our perceptions of what we mean by a catchment have slightly changed recently. Originally “catchment™
may have meant just the headwaters where empoundments had been built to capture water for supply,
irrigation and hydroelectrically purpose. Now catchments are regarded more as the hydrological units which
occupy the whole land surface of the globe. As demands on water increase this has to be the case, for upland
headwater catchments can no longer meet our needs. In Japan, the “Green Dam” concept or the expectation
for the function of forests on flood and drought mitigation has widely known in the public. Five
controversial issues between the government and the opposition group of dam and barrage construction
about the functions of forest on flood and drought is discussed in detail. A revolution in the way land and

water are managed (the Blue Revolution) is under way.

Key words: catchment, green dam, flood, drought, flow regime, blue revolution
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Fig.1 Maximum daily discharge in a year in Shirasaka

Experimental Watershed, Univeristy Forest in Aichi for 71

years.
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Fig.2 Flow regime of Shirasaka Experimental Watershed,
University Forests in Aichi in 1930s (the forests was poor),
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Heat Environmental Characteristic and Environmental Economies of the Tama
Central Park in Tokyo

Yasushi MABUCHI*

* Kochi University of Technology, 185 Miyanokuchi Tosayamada-cho Kami-gun Kochi, 782-8502, Japan

Abstract

The cool island effect of the green spaces in the urban arca has become major concern to mitigate the
heat island problems in the urban environmental management. The objective of this study is to evaluate the
cool island effect in the urban green spaces using geographical information system (GIS), remote sensing
technology and heat balance model. A series of ficld measurements has been carried out in August 1994 in
the Tama Central Park which is located in the western suburbs of Tokyo metropolitan. The park was opened
in middle of 1980’s with different type land covers including forest, grassland, shallow lake, bare land,
concrete and asphalt. The latent heat flux of the forest, grassland and shallow lake is estimated to be
500Wm™, 400Wm™? and 200Wm™ respectively. The cool island effect of the forest is the more intensive
among others. Environmental economics of the cool island effect is evaluated to apply the environment
surrogates method by converting the primary energy of latent heat to carbon dioxide (CO, Tax). As a result,
the economic benefit of the transpiration effect in the Tama Central Park is estimated to be 20.9 thousand
yen per hour. According to the model analysis on the cool island effect of the Tama Central Park, the latent
flux is forecasted to increase by steps amounting to 17.8% more in 2015,

Key words: Urban green spaces, Cool Island effect , Heat Balance , Environmental economic cost
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CEFAFNABRELE, £, HPEERTIIE (1986)
BEEL-ZERKARKICHTIHE V285 LiH
AEicEELBELRBLE (%3,

BT o MRESEE, RQHLROICL>TEH
HUF B 0 E MR B L O % i, H o B B & R
B, RMOBRFTRIC Lo THRBERZAH L, &
B, TRAZ7 AL FOEBRBEREL 0L L, XOM1HH
LA 2 4R 50, E 1 0.00314, fHRHE 0.0033 TH

BiTE,

#£3 LR AR MR E YRR

+HREIE | FASF| M | BEEER () | BER @ | /R
Bkt 0.16 0.99 0.10 3.50 0.08
ZHh 0.16 | 0.99 0.09 | 0.20 0.10
RV K 0.09 0.99 0.00 | 0. 00 0.65
it 0.35 0.98 0. 02 0.15 0.20
ay)y)-b-TATTAE 0. 30 0. 96 = = 0.35

Preg - JEER(1993), ITAE(2000), Morgan(1977) % U fERL

3.2 BHZHoRBIEOTM

+ R B R o IE B B R, 12 BF o fE 23 i
616.0Wm?2, HtHki 660.2Wm2, 22V —h T RA77
AP T 3269Wm2 L ERE (K3), Zhid=ary
U— bk « 7TRZ 7/ FAEHPHABOH 2 EOT IV
~NEEbLL, poERmHRBESEFICHVWI LICERT
5, FEMEERT, a2 V- TATZ7 NV EBED
B< 212.5Wm? (128%) Thot, %, BiZk&gEio
EREHEEAIZESKEOERL LY & 1~2 ElEER
TEALS, Z0HBIE, KB ALF—ICL) =TTk
WAEDOLN, ZORIIAX—O—HAERGER L
RoTKEFICHLEEN, KKDEBEE (RR) LA
HAEDRZIHZLDTHD, SEIOWEFRTL, 2
ZY—b TRZ7NbEOEL 4OOMB@EICENT
FLESHRBAD LN, P, 1216 14 FETOE
AR IcH LERBEREHSEDHRIEIT, EiH
M 17.5%, HFRHIAS 13.7%, #ith 62.0%, =27 U —F -
FTAZ7Nb 63.8% Thote, 22 V—h TAT7
JU b, PRHEIEE RO RSN E KRl S TV DI B B
boHP, FAMBERITFOMMAEH - bk BB - T
WA, X500, EMEMHRO 60%L LD X —EiH
BLTWAZEND, MHORKERBEICESZDERIT
KEWVWENZ D,

OSSR, MR b RERMAESRL, 12K
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B3 THAANRRIHEGER

518.77Wm™=2 Th o7, DWW TEHIA 401.27Wm™? Th -
foo —05, BVVKE T, ESRHEHEROKES (7 65%)
BAKEZ LREEHEA-DOKFRBIZBEPLEINE DI
AP oEErey AR Tl Akl & b L TIHEFIZ/hE L,
230.47Wm2 (12 BF) (o3 Ehhoiz,

4, FMHEBHBOI—ILTAS FHEDOHEB TR

ZERRARESE LT, FiiEdo LR H ok
FBlIo L 3BBEOLELICOWTFHLE, 2B, ZED
S AR IEGEEIC A LT W ARz oW T, #ifk
DERTHZ LI VEBRESNDENBE T Z LA
THEINSH, #AROAERICLIAMBREEMHELE
ML, AREFREFLANS 20 ERITHT TOMBRELIZS
WTFHEl 2, F£io, ZEED S E M bk o 2h 81
Bimmsh B OHEE I HT- o TiE, hamo it e i
ATHAHAZ A/ FEHNBL L, HEBE ML WE ARG
ERGONDHZERE MSS # W TH#f A 1 ABAL Cofii
BIENE (NDVID) ZHRT 5L &b, AZEH MSS &
R L-BAREERAELERL, NFOF—Z 2 HWTH#t
AOERZZEL-EBRBEREFEE LR, b, 2R
BOTRET VOMEITYT-->TIE, HBT5 L9t
RAOERAET —F OWMEOBESETT LMEICTHWE
MAROAREBROENIZZ EREICEVEONTHEDOR
FEICETORBE LD LTFHRENS, 1oT, AaPo
LS & LTI, HEROBRTRORIZE ED, BETFT
NERWTZBEN R RMNET - B Ro%EKTS - &
L 72,

41 BROEEZEFBEL-ERBEETAETTILOR
HFIR

AR DA E & H R L 728 TR T 5 0ot
FIEE, U DI, OBARONEEEE L #EoHEANE
HREAVWTZA ) FolBEMEER: OFELET
MeT 3, KRiC, OZEH MSS THHRILEZ R /750
NDVI L@ AoMEEREOMELFHEL, 72/ F
DMIFEE L NDVI OBERETFT AL 2MET 5, & 612,
OMHERORRAII A ) FEIRBEL, ZAX/¥0D
NDVI & @G E i e ORI Y, NDVIZ T A —# &
Li-iEBemtRAEXNERMNT 5., BEIC, @72/ %
O & BSEE L OMFE, FSESE S NDVI OB{EE
T, NDVI #3572 —F L LB RAERXLY,
NDVI 2 ANNRTA—2 LT HMADEEZEM LI H
BpmERTHETLEMETS (K4),

4.2 BHADERZZERBLE-ERHAZEFTRETILOR
&t
421 JR/XOMEEELHED S OBEEEORE
BMARDERETNVIEIIAROHFEHRRBESHH,O
FEHEZHRATIHENTHD O, SEOERTHER
WO TFHET LVOMENRITbATE-, HEmEkUHE
WMEFEOEREETLVEZRTAHS L, HMERUH ML
LEMKTITEREETAT, WlMKCR»3I1Z84EE
WHERDP R kB LZH->TWS, TOMEFRITING)
T7R & 5 Mitscherlich ®ERIICHE-> T 5,



WA(HR/%) OBAWME | R HMS ST 524 o e WL P
l —] 7 See NS 1 T e L —[‘
DR A0 R AR &
S B
MR IAE DS R (F R
| /) E3 A4
|
[
MWEBEEORIME(IR/E) | | MEEEORIWMA(IRIF)
DNDVI L DEpawER
] o l . ]

NDVIZ/NSA—RELIZEKR(IR/F) D
ERETILOME

1L

AR HMSS A 5 3 2 B 4149 55 71 152 (NDVID)
Lt PERE L B & 0D FE AR £ B

MADEREBSEL - UREERFRET L

H4 HMAOERZZEBLE-ERBERFUETLREFIR

x(t)=M1A-e™" Cee ()

DT, x(OIE S ¢ 4E 0B o ELEE (em), M UEREK
MM ERE(em), kITARGEE, vkl () 2%, &
WRXTH, ZA/XOARETF A EBMERZEREL L
THHERETAETALERIFTLE, B, 72/F%0
EREFLOMEICDHI-oTE, AR THLTEESR
NEERBE L-BEABEECLY ZESFRAROMELY
FrtElcHY Lo E R L o MR E T b~ &
Thd, HBRAROMEEFHRTHEIE, 2 T7HTi
TR LUEROBEEEZHUNT2FEN B THLN, #
HFMoETROME EERTE RN, £ T, Xis
Tix, (M) BRI Z—BANMBEH0 s R /2 355
HTEMLE-BAPEERSE S VM Lo BmER L i
ORE VR L, ANEEOZ A XOERR L HAR
DA FOLEFERNBE—EE LT, WEEREL D H
rEET N LE, R4z, (M) BEEEE
Z—MEHMLEZ A/ FOMESEEEBEBOREETT,

£4 VR/FOBETHEELHBOBER

il | BARMECEE | M | fRERGE
() (cm) (m) (cm)

5 0.97 0. 00

10 3.30 0. 00

15 5. 67 0.00

20 16. 0 7.65 4.85

25 21.0 9. 80 6.36

30 26.0 11. 90 7.88

35 31.0 13. 60 9.39

40l . 36.5 14.40]  10.76

46" “*ih40f 7| "7 16,36 1224

50 55.9 16.00]  16.94

(M) BEFEE¥—(1986)L D {ERK

HALoEmEBEEEE:OMEL - RXTERBLE
Be, ReBHoND,

1=0.7917x x +9.405 SR (6)

16.0cm < 45 1L £E(x) < 55.9cm

I, tiE, MRl (), x IMEEEE (cm) THY,
HBFEEMIZ 0970 THD, 7 A/ X ONg e EE % &l
FTAHZEICL Y MBEAICHREHRHET S LB TED,

4.2.2 NDVI #IRFA—RELE9R/FOERETIL
D

—fEICE T Lo R E B IC I, Hh b ARREA
30m @ LandsatTM 23 il W &, 2356 45 B0 B IR 25 40 BF,
HHRSFLRLEZEICbZVERERADREEZHIT TS,
LaL, VE—FEVy U ZEFROBR L~ DORENTIC
B L Tix, HEMRAS LandsatTM @ 1 BiF#E L W /& 0z
B, Lo ESRREOHRNNT—FBLEICRD, £Z
T, AR T, MZHMSSIcky, RmT —% OHfF
iToTo, #Zet MSS OBHIGE T A # S IowT,

£5 MZEHNSSBHRHET

: 199548 A 16 H
/1Y A 7 9:58~10:08
529 7 12:09~12:20
1 AT-5M
Band1:0.40~0.46 u m
Band2:0.53~0.57 u m
Band3:0.65~0.70 u m
Band4:0.95~1.10 x m
Band5:8.00~14.0 x m

Bz H
7 — & WA

HERE W

ko fgie (FARAE) @ 1.2m

WHBROSEF I, £& LTRIEDOILHE TR 21T
FIEFEMELT, MHOEFTRREZ TR THEEONE
NiEHHhTEY, EFRSEFREAOE A F2ZRAVWEER
{b #i 4 #5 £ (Normalized Difference Vegetation Index :
NDVDA RS TN D,

Ot el SR

IR +Red

IIT, IRIEFRNAOERIZHY T 5 %, Red X
FEOEREICHYT I3 YOFhEABMEBETH S,

NDVI & it A O fE B 2 WFRE IR 1L, 5 (1994)
i, R BRomEEHRICBWT, 198745 B 7 HENMO F
YE¥y bTMTF—=FEFEHL, A¥, vV, E/FOD
Fhlis & NDVI @Bz 2T LT D, NDVI RRhl



Rk 2~3END EF LD 25 4 LA EiXbksr O f
NERATH-ONDVIR—EME LA ZLERLTVD
WomEL L, EORHAILEZT—FE2/rL, Lo
OEBHRICBWTHHIEATERE, =Y, B/ X0
L NDVI *oOMiciiBARORENREEETALTHD
Mitscherlich DIERIMBAR LT 5 2 & 2R LTWVAS 9,

o ESYARAE 1.2m OFSEICRB E, — BRI A X
DR LY LATZEEE MSS O 4y ARRED F7 28I <
h, —AofEIEEE I ELTHRREIND ZLiIChk
B, FIT, UEHIADNDVI & LT, BARGHLT
WRELEZLNAEEEZELDI B L - & NDVI AR
mWE AL L, BS5ICEERRARBDIZHMmL
TWABZ R XOREEREEMEH MSS HoRBH L
NDVI & @R %79,

NDVI
08
07— —— -
¥ * i
Gl ey

as;——=4¥ o N e
04 —ét‘— —:—’—‘ 9 ’

* o * *
01 | o Sagteg® ¢ o

P £ o o R, e S

0 ———

o

BRI (cm)
B5 JA/x0OMEmEREE NV &EDRF

[ 5 % Mitscherlich @£ RRITEIFT S &, (BTG
BB,

NDVI =0.159 + 0.641x (1.0 — exp(=0.042x + 0.032))

. (8)

BL, MHEAREMDIX 052 THDH, &6, RE)ER
B)VEFMAEGDLED L, 727 XD/ E NDVI O R{EN
KOO EBHHEHENS,

NDVI =0.159 +0.641x (1.0 - exp(~0.053 x (£ — 10)))

—fixiz, WilEtcER I AL, BAREL,
BIERELE - WEHFOWER EOFRREMMICTD
N5, ZOROWEX, ikt zFMET5 A0RMEC
BRERVWEDSICFANTBEHENE LR, KBHBROT
HMETHEEBODVTWARZERZ W, £, BABLER
LTWSEArIc LY, M+, BHORRERRLES
e, EFRIZERECLRTVWHRRERTS, Zhicy
L, RBHIEHAMEEES Lo L~ ERET 50,
BESB L CZOEDICEP L THESER DAL TS
BBREV, ZOkd), WkMOB AR L L
T, 2FHLERIEIZ<, BHEROKRSI WEEEHT
Hlivis, EREVFIUBB CLRRZAZLHEZL
Nd, Zok, WHBEEOZ 2 7 X REH % o8 ic#
MEMPEREZETALERROBE T, RAUHEGT
H NDVIIZHER AL, #EmALHicFillEh-fksRich
2 TVWOIRICHET2LERH S,

4.2.3 AR (DA F) ONVI &ERMEREOHEBM
e

19954 8 A 16 BICER L - BR8N —% (#
FHIzB T ARIRT —# R UM ZEHE MSS E{gos v
F) b, 72/ FOBESRICET H2BRBERONE
TV, HTZEH MSS @ NDVI & el 5 = L T2 s%
BTPRET A ERF L, BMKBEAECET 588
EHORBET —FRBRAEFLTOLEEY TH D,

- BAER : KIR, MEABE

- F— ZEIGEFR] c 19954 8 H 16 H

« F— X RIGEE - 5 SRR

B Rs A7 F EER 16cm, 20cm, ¥ A (25¢m)

K BB RSRREER: 2 2 FOBE LS 50cm

Hit R

SREA - AR LY, BHOEEIC R B ERAS i st
LTHAYL L ITfERNTS~0MEE (hRiram) &
RKREFEDL-DORMGER, KEODHOEHEGZ
BCHRIPENTWALEELTHELZIToT=, £61IZ
FAELEZZ A XOBBSERADHERETT,

10 B ~12 [

®6 HMHEBIAGER
(DRI F 195 E8A16H)

P ER S AR (Wm?)
L Gw
10/F 126F
7 A% (BAK) 16 387 401
A7 F (HK) 20 308 487
7% (HEAR) 25 407 526

7 A FONDVICHIG L= BgERoSHRE T
EFREE 6 27T,
WMEER

(Wm)
e P

500

450 /
400 =

350 =

300

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65
NDVI

E6 NDVI tERBEREOBE (V27 F)

7 A 7 %O NDVI L #E0R 2% it o BHR 2 45 508(% <[
WLl Ee, LTORTHEFTE 5,

LE = 212.67 x g'40020¥ s (11)

ZIT, IERXEMAEER (Wm?) THY, HEEREK@D
1% 0.647 Th 5D, R(6),(9),(11)H 5, *F SR O H e EE

EHRTSILICLY, HRBAROEREXROFRT
BUAFHREL 725,



4.3 THFROEAELEIC L DEMiEMORMR
HOFEFHR

W S Wikt ix, #iA, ZL@aEmy, it
RHEERREOIEZIEFRAA—V I VERENATEY,
ENORABMNICHAEGD IS Z LiC kv B4
BTABEEFLTWAED, MANERTR LT, =
NODBMERLVRELZ ENRFHENS,

FIT, MADAERAZER L EMBXERTHET L
ZRHWT, tHBIBOBAEDEICLE I —AT AT
FEE (Fmsi) OFLE2ROHBRFIET I =
L—va S REPRAREETVICER L, BEH
W, 2SR EAEO S E G AR o+ #hF) H m il
BEE, MM (72 %), M, 3 )V—F7
AZ 7/ bO3HEOLMAREELSEHAEORE
REUTOEBYIREL, ThAENIZOW TSR
DHEH (RR~20FE%) 2 H Lk, o, 72/7%0
ARETFTNVOBEORAIE, #MiikittAofsRkolsmEeR
B Lo BB 25cm Thot=72®, 2 (6)L Y #i
fih 29 4E L RRE Lz,

HARA DAY — ]

O REOCLHMFAOFE

@ BREOLMAAMELY, 22V —h-TRAT
7V MR A S% AR R | A TS

® BEOLMFIRAMELY, 227 )—F - TAT
7/ bEME S%EMICEES|RATLES

@ BREOLHFIRMRL Y, BkERE 5%= >
JV—br - TRZ7NMFREBIIEHE

RTIC, ThENLOLHFAOMAEDE (T U A)
Ik BEWHMEBRROBIR, 10 £, 20 FHEOHEB TR
RETT,

71 ERBERTAUGER

TR () ® (©) @
L] 58. 8 63.8 58.8 53,8
gl |2 19,0 19.0 24.0 19.0
Bik® [k 7.5 7.5 1.5 7.5
%) [ 0.4 0.4 0.4 0.4
37))=b-TA77K} 14.3 9.3 9.3 19.3
wiligwo R 370. 1 393. 6 390. 2 346. 6

MARER [0 an0.0] 4369 4301|3831
436. 1 465. 2 456. 2 407. 0

T (WI'IIA:) 204E

ZEhRAMOBROLHMFHOEEE2 L0 E T
b EEET A LEE LSS, BMEmERIEEL 100
L LT 10 4EH# T 10.8%, 20 SE1% T 17.8%75 Fiim 25 ik A5 Hi
m+aeFHEhtz (F140), 20 FIFEI7A
JEXOEREOHZOBMEXREMHBETH S,

Wiz, ¥V AOQAEEEC, #ikE s%EmE g
/e (F)40) LEHE 5%mEEicEs (F
UA@) b5 e, K (B, ¥FIUAO) Lk
BELT88G, 22 V—F - TAZ 7 bED DR
It F AR LEE LTV ARBEREEBELTH
6.3%IBEBEERAMMLTEY (Y 4®), ZH (49
5.4%800) L0 LHERKREZLB-2TWS (F 1 4@),

T, EEEERREIL SR, BRI R HEM L o
YZU—b - TFTARAZ7AMEHARS LI LICLSE
BEEROBMSTHY, FERIZHONTHREEREN %
RLTW5,

a7 V= TAZ7NbEEHMEESF YA
(FVA4@) #RTHBE, FIVAQ@, T V4O
R AR R TR E R L TEA L TEBY,
WA ERZE LTV A4 (T 4@) BEREE
B LT 6.34% A LT3, fimskiix, fFickftio
HTHEELRVERSHLTWAEMTHY, £OEH
a2y y—hk 7277 bTHEBSNEALRED
DWERBRBIL, e—bFTA S FRKICE>T=AF
ANZEHT 5,

5. HTREHOBAHLNSR-BHEZFMEOTM
WG ORERFTMOBEEFELRTHRD &, K
SIEROBRFEFMIc YW TIEERFLOBANLE~F
Sy TFa—FICLORMNPENTEY, HEAHFERER
LV OFEREMEETREZEELTVWS 9, LiL,
WARD 2 =T A T v FihFo BB 6 Rk 720
FREBEICHY, ISR EFHEIFEELR2Y, 2T,
AT, KONERBRTAIBCEDbDRATIERROKE S %
LR TRETIRBELZEHALT, 7—1ATA4 7
v FROBRERFFMEEME LI, 2B, 7—1ATA
F v FHROREBFETMIZ, ERPRARE S L
L-BRBia R 2 R E L,

51 2EGEABOI—ILTASy FHRICLDRE
BEMO#EEE
J—NT ATy FHROBRERFML, KVBERTD
EicfEbh 5 S8 (WABXER) 2 RXRE0/s/—F7— (W
BiR) L LTMBST, 2—7—IcERESABM=F
- EEE LI THET A EMNTE
5, ok, RERFEEFMHEEICHIZ>o THAWET—4
ZLLTICTRT,
BT R P AEME O E MR AL - 1994 4E 8 A 27 B (#&
RETIAER)
SEER 7 — AT A 5 v FEIE - FRT 12 B O
RO
RHICBIAZ—ALT AT FHRORERFFM
OHEEE, AR EA3KIBETRE S —7 — (T
YFEhichD, BEMLEEFIELT, ZOBERBXR
B, —F—IERESRIAEM= A AT —HEICNESE,
FORMPEFALX—bEHHENDS CO, AL,
RFEMERITEMTAREL LTREROEEEZHAT LD
L CREIRFEATFMT S,

5.2 ZERRAKEOI—ILTAT2 FHRIZED 00,
BHEIREOHEE
© & Giith) o7 —NTA T FROTRNLF—
5L
i shr b DERENDKRVPERT DRICHLER
THAAF— (BEHE) OHEEFEZUTORENIZLY
R4 5,
Req_cooler = Per / Abi_cooler
Per=ET * Hv/Eh

(12)
(13)



= Z T, Req_cooler [X BB E RO 7 —F —HH, Per
TERBEROEAHBRE (kWh), ET 1T78 R B
(kg(hour)™), Hv iZK D% {L# =583kcal kg™ (constant),
Eh X I(kWh)H -0 0B A= FALTHOAD AR
=860kcal (constant), Abi cooler iz —#xFEEM/ —F—0
BEHESI(2.5kW),

F 8z, RI2)RUNCLVAEB LIEERREAROD
BRBEROINXF—RABREZTT., ZRPRAHE

OB A RITEMEMEAREMSZD 0.53mm THY,

FOKREBEALTHBICSLE LR —EH 3.61 F
kWh ¢HEENRT-, ZTO=FAF—RiE, —RFEEMRZ
—Z— (88MH, 2.5kW), 914,000 A ICHE T 55
AME—RICHEST 5,

%8 EBRIRILF—OIRILFEF—HRHER

39—k

sie -2 ] Kl 2. FAPERL att
25 5 R (mm /BF) 068 058 033 0.16 0.00
785 R B g/ BY) v 39768 10979 2489 62 0 53298
TR LF—R T (KWh) 26959 7443 1687 42 0 36131

@ BWHEEETHHEBICLELRD CO, D
HEE

Bk ZEF AR O CO, BRI, Xz
T LI, OCHELEZETRAROZ —ALT A5
YIFHROZIFINF—MAHKEREL, BRO=xALF¥—{
Atz v F—HmllRFHFLHELIVEELLZIERD
CO HEHEMBE AT LD LTI Y FHIL,

Ex CO, = Unit_CO,* Per/COP 50U i 3(14)

Z I T, Ex_CO, iZ/-#7472} ZhBIT £ B CO, HEH BN
B 7vvek(t/FE), Unit_CO, IZBIED R BEIE G U2 HAL
kWh &7 D @ CO, HEHI L =382.434g(kWh)™" (constant),
Per IZFARBRBICL A — R FAX—HEEHEE 7ry0
(kWh), COP iZ= 3NV X—{{RR (—IRFEEH T .
5.81) Tha,

HBEORBHEIZIZ LZBAL kWh H72 90 @ CO, HEi
ROEFEICHEZ->TIE, BEERCLIAEHER O
CO, HEHFRBEALIZ 2001 EOFEHEEHREZFELTHHE LI,
KO R NAF—IHRERIC L 5 REFHEHIBERT
YO ERERETT, #9950, ZEPLEABOED
12 Bpfp ROFEER O LW & E L7z Co, MM
2.55t/K5-CO, & FilSh, ZoARBDENTFilEEL T
ML EEELTHRRE LEEZ24E0 CO, BRI,
2,752t-CO, & FHl&Nn 5, B{E, HAEAHTIE, HEREE
bt SRHMEE B 2 IR E L, 2010 £E121% 1990 FEEH
D 6%HEEHEELTWS, KGTRELEZSEPRA
RAEFEICHMTE 5 CO, MiX, HFEEN 2000 EOE
M CO, HEH D9 0.004%IC 4+ 5 17,

FOIIRIILF—HBEBERICLIBRFFHEBERT S
rIILDEEHER

| 2=t

B B2 | Sk | an

AE | me

O, 18t R A/ 1.80 053 012| ooo| o000 255

5.3 BERRAEOI—LTASY FHROBRBER
% O ER

J—=NT ATy FHROEEMEOHEEIZHIZ-T
I, HERBSEOBA»SREHOWMELIY An, K
(15),(16)P L0, CO, HEHMRFFRICHE 1t Hizh OF
xR CTHRELE,

hhEERSRSOBEER TV ANERS (BHEFE
ZEZBE) ItkBe, BE1tHRZVH 3 TADOKRER
M ATHIE, 2010 ED CO, i FIREHEH A O &
YOEL NG 2%HIB TS ERARETHY, 2D
BAEOERNBAEE (GDP) @KL 0.06~0.72%2#M 2
bRARLLTAPHMMY ELHBREELH TS Y,
REBRBEOREICY - T, ZOEHIZHEY, CO, Pk
H1t&H7= 9 30,000 B%@EH Lk,

Ex_C=Ex_CO0,/3.67 s e (13)

€ _Tax = ExeC* Tax ¢ 233 16)

Z I T, Ex C ixm¥EHH R day"), Ex_CO, i CO,
HEH ) R (t- day™), C_Tax X BT (yen-day™),
Tax [TRFE 1t o) ORFERE =30,000 A (PRBE
Fie HIRRESSHE) Ths,

#1010, ZERTRAROZ —ALT A5 NEHBROR
BERR A PERE AL &2 R T,

R0 I—LT7A52 FHIROBRFEZFEFTMER

Bt e K@ Ly o &

ERRAN(GA/H) 1.56 0.43 0.10 0.00 0.00 209

SERPRARMO I —NVT AT FHRICLHRER
AT, 1RERIY 720 209 FEERF &SN,

TR EE, 1997 48 3 B ICERIBRR (LB L i & &
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Abstract

Water is life. Of all the water on the earth, 97.5% is in the oceans, thus the total fresh water is only 2.5%. Pakistan, once a water-surplus
country, is now a water deficit country. The rainfalls have been showing decreasing trend since 1997. The surface water resources of Pakistan
mainly consist of flows of the Indus River and its tributaries, which bring in about 168.9 x 10° m’ of water annually. The Indus River alone
provides 65% of the total river flows. Annually an average of about 45 x 10” m® flows to the sea unutilized. Acute shortage of water is
expected in the future due to growing demands and lesser water availability. This paper describes the present and future situation of water
resources, major challenges and recommendations to meet the fiture demand. For sustainable development, Pakistan will have to utilize water
resources efficiently and there is dire need to adapt strategy for water resources development and management, including rainwater harvesting,
water quality improvement, public awareness campaigns and Implementation of water policy.
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1. INTRODUCTION

The Water is one of the most precious natural resource and
the lifeblood for sustained economic development in any country.
Water is life. This powerful statement underlies several
characteristics that can only be attributed to water. Water
distinguishes the planet earth from all other plants by giving it its
blue colour. Of all the water on the earth, 97.5% is in the oceans,
thus the total fresh water is only 2.5%, most of which 68.7% is
in the form of snow and ice. Almost all of it is practically
inaccessible in the polar ice caps. About 31.1% of freshwater is
underground, much of it in deep aquifers. The most accessible
fresh water contained in lakes, reservoirs and rivers is only

0.26% of the total amount of fresh water or 0.007% of all water
(1.

Rapid population growth and accelerated cconomic
expansion has resulted a greater imbalance between water
availability and water demand. The nations that are well
endowed in fresh water resources have an economic advantage
over those less fortunate.

Pakistan is situated in South Asian region between
longitudes 61° & 76° E and latitudes 24° & 37° N. The
geographical area of the country is 80 x 10° hectares (ha). It
comprises of the provinces of the Punjab, Sindh, Balochistan,
and the North West Frontier Province (NWFP). The country is

* BAILHRAERYR T782-8502 MmAWFEI LELIRETEOD 185
o SF2HARFEMAEAL Islamabad, Pakistan



2.

bounded by People’s Republic of China on the north, India on
the east and southeast, Afghanistan on the northwest and Iran on
the southwest. The Arabian Sea is Pakistan’s southern boundary
with 1,064 km of coastline.

Most of developing countries lack in renewable fresh water
resources. In Pakistan its importance is more than ordinary due
to the agrarian nature of the economy; the share of agriculture
sector in the Gross Domestic Product (GDP) of Pakistan is about
24%. Since water is the major input in agriculture, the
agricultural productivity and its sustainability depends on the
timely and adequate availability of water. Pakistan is now a
water deficit country according to the criteria developed by John
Waterbury and Malin Falkenmark. The criteria suggests that a
country with more than approximately 1,700 m’/capita/year of
renewable fresh water will generally experience only
intermittent or localized water shortages. As the amount of
available fresh water drops below this level, countries begin to
experience water stress. As the renewable water supply falls
below 1,000 m’/capita/year, water scarcity begins to occur [2]
[3]. It is pointed out that at present annual per capita water
availability in Pakistan is about 1,050 m®, which indicates
conditions approaching chronic water stress [1].

2.1 Rainfall

Pakistan is a country, which mostly comprises of arid,
semiarid and hyper arid regions and a belt of humid climate
along the foothills of Himalayas. In view of the drastic changes
in climate, rainfall patterns and amount of precipitation falling in
different regions vary considerably. The rainfalls have been
showing a generally decreasing trend since 1997, which was the
peak year. The mean annual rainfall distribution in Pakistan
has a broad regional variation ranges between 125 mm in
Southeast to 750 mm in the Northwest. About 70% of the annual
rainfall occurs in the months of June to September. A large part
(about 70%) of the rainfall, therefore, either floods the riverain
areas and villages/cities near the rivers or flows into the sea
without any economic benefit to the country. The magnitude of
the annual rainfall over nearly 21 x 10° ha of Indus Plains and
Peshawar valley averages about 31.8 x 10° m’. The present
contribution of rain to crops in the irrigated areas is estimated at
about 7.3 x 10° m® [1].

2.2 Surface Water Resources

The surface water resources of Pakistan mainly consist of
flows of the Indus River and its tributaries. The catchment area
extends over four countries-China, India, Pakistan and
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range of the Himalayas, about 5,500 m above mean sea level,
The river slope from the headwaters to Attock is approximately
1/ 300; from Attock to Mithankot it is 1/4,000; and from
Mithankot to the sea it averages 1/7,000. The total length of the
Indus is about 29,00 km. The drainage area of the whole system
is approximately 970,000 km?® [4].

In August 1947, the Indian sub-continent was partitioned
and two sovereign countries, Pakistan and India, appeared on the
world map. At that time an area of about 14.9 x 10° ha were
receiving irrigation supplies from the Indus River system. Of
this total about 12.5 x 10° ha are now in Pakistan. As a
consequence of the partition, the irrigation system was divided
between Pakistan and India without regard to irrigation
boundaries. The Indus Water Treaty was signed between
Pakistan and India in September 1960. The treaty consists of 12
articles and 8 annexure. This treaty defined the mutual
obligations and rights of India and Pakistan with regard to the
surface waters of the Indus and its tributaries. After the treaty,
the availability of water to Pakistan has become limited to the
three western rivers of Indus, Jhelum and Chenab only, while
India is entitled to exclusive use of total water supplies of the
eastern rivers, Ravi, Beas and Sutlej [5].

Between 1947 and 1960 intensive river development was
carried out, including the following:

e on the Indus: Thal canals, Taunsa barrage (Dera Ghazi
Khan and Muzaffargarh canals), Gudu barrage (Desert, D.
Unhar, Begari, and Ghoti canals), Kotri barrage (Fuleli and
Pinyari canals);

e  on the Jhelum: Lower Jhelum canal ;

e  onthe Ravi: Upper Bari Doab canal extensions;

e on the Beas: Shah Nehar and Hoshiarpur canals;

e  on the Sutlej and Beas: Rajasthan canal;

° on the Kabul: Warsak dam;

e on the Kurram: Kurram Garhi weir

After the Indus Water Treaty (IWT) the following major
works were undertaken through the Indus Basin Development
Fund (IBDF) and its successor, the Tarbela Development Fund:

e on the Jhelum: Mangla dam (1967), Rasul Barrage(1967);

e on the Chenab: Marala Barrage (1968), Qadirabad (1967);

e  on the Ravi: Sidhnai Barrage (1965);

o on the Indus: Tarbela dam (1976), Chashma barrage
(1971);
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Figure 3. Tarbela Dam Spillway

e on the Jhelum, Chenab, Ravi, and Sutlej:
Trimmu-Sidhnai-Mailsi-Bahawal link canal system,
Rasul-Qadirabad-Balloki-Suleimanki link canal system;

e  on the Indus and Jhelum: Chashma-Jhelum link canal;
e  on the Indus and Chenab: Taunsa-Panjoad link canal

It is worth mentioning that the Indus River alone provides
65% of total river flows, while the contribution of River Jhelum
and Chenab is 17 and 19% respectively. The peak flow months
are June to August during the Monsoon season. The flow during
the summer season is 84% and during winter is 16% [1].
During the 20" century, the Indus Basin irrigation system has
been developed into one of the largest continuous and
comprehensive irrigation systems of the world. The system
includes Indus River and its and its major tributaries, 4 major
reservoirs (Tarbela, Mangla, Chashma & Warsak), 23
barrages/headworks, 12 link canals, 45 canal commands and
some 99,000 watercourses [6]. The total length of the canal
system is 60,800 km, with watercourses, farm channels, and
field ditches running another 160,000 km in length [1].

Table 1. Present Water Resources of Pakistan

e Quantity
Description 5o
(10" m*)
Surface water 169
Groundwater availability 46.7
Outflow to Sea (27-year average) 45
Canal diversions 130.4
Storage Reservoirs (Tarbela, Mangla &
Chashma) 19.3
Live Storage Capacity
Source: [7]

Torrents in the hilly areas of the country provide another
source of surface water, which has not been developed to its full
potential. There are fourteen (14) hill torrent areas in the four
provinces offering a total potential of about 23.3 x 10° m’ at
about 1,200 sites. Out of this 60% can be developed for crop
production. This water offers excellent opportunity to irrigate
almost 14.8 x 10° ha of culturable wasteland in the hill torrent
area by harnessing floodwaters through watershed management,
construction of small and mini dams and by check ‘structures and
terracing etc [1].

2.3 Groundwater

Rapid expansion in ground water exploitation occurred

Figure 4. Chashma Barrage

between 1950 and 1975 in many industrialized nations, and
between 1970 and 1990 in most part of the developing world [8].
Globally groundwater is estimated to provide about 50% of
current potable water supplies, 40% of the demand of
self-supplied industry and 20% of water use in irrigated
agriculture [9]. However these portions vary widely from one
country to another. Ground water is more widely used for
irrigation than surface water in some countries, however in
Pakistan the contribution of groundwater for irrigation is about
34%[10].

Most of groundwater resources of Pakistan exist in the
almost 1,600 km long Indus Plain extending from the Himalayan
foothill to the Arabian Sea over an area of 21 x 10° ha. The
aquifer has been built due to direct recharge from natural
precipitation, river flow, and the continued seepage from the
conveyance system of canals, distributaries, and watercourses
and application losses in the irrigated lands during the last 90
years. This aquifer with a potential of about 61.2 x 10° m® is
being exploited to an extent of about 46.7 x 10° m® by over
562,000 private tubewells and about 16,000 public tubewells [1].

The quality of the groundwater in the Indus Basin aquifer is
highly variable. There are large areas, which are underlain with
useable groundwater, both plentiful in quantity and at an
accessible depth. It however represents a water source of
significant importance for agriculture. Groundwater recharge
occurring along the main rivers over geologic times has resulted
in the development of wide and deep belts of relative fresh
ground water along them. In the central parts of the doabs
(interfluves) in the Punjab Province, pockets of highly
mineralized groundwater have developed containing from 4,000
to 20,000 ppm of total dissolved salts. In the lower part of the
Indus plains the area of relatively fresh ground water is limited
to a narrow strip along the Indus river. It was recognized that
scientific management of this groundwater is the key to the
permanent irrigated agriculture in the country [11].

3. LAND RESOURCES AND IRRIGATION

Out of a total geographical area of about 80.6 x 10° ha, the
suitable area for agriculture in Pakistan is estimated to be around
29.6 x 10° ha. Pakistan has superb agricultural resources and the
largest contiguous irrigation system in the world. The irrigated
areas mainly rely on diversions from the world’s largest
irrigation network of Indus River System. Currently almost 13.6
x 10° ha of land is irrigated by the canal irrigation system taking
off from the Indus River System. Supplemental source of
irrigation water in most cases and primary source in some cases



is groundwater. It is estimated that about 9.7 x 10° ha of land
could be made productive if sufficient assured water supplies are
made available [12].

The main desert areas of the country extend over about 11
x 10° ha of land area including Thar, Cholistan, Thal, and
Chaghi-Kharan deserts [1]. Surface waters in these areas are
almost non-existent, the groundwater is saline and unfit for
productive use. The areas, however, offer good potential for
saline agriculture. However, the land resources in such areas can
be made more productive for agriculture and other uses if water
resources are made available and properly managed qualitatively
and quantitatively.

Table 2. Pakistan’s Land Area and Use

Description e
10°a | %
Culturable Commanded Area (CCA):
Designated for perennial irrigation 83 10.3
Designated for non perennial irrigation 5.3 6.6
Subtotal 13.6 16.9
Other Cultivated Area:
Irrigated (from wells, streams, tanks, etc) 0.7 0.9
Rainfed (Barani) 3.2 39
Riverain 1.2 1.5
Subtotal: 51 6.3
Culturable Waste and Forest:
Culturable waste 9.7 12.0
Estimated forest arca 1.2 15
Subtotal: 10.9 13.5
Total Suitable for Agriculture & Forestry | 29.6 36.7
Unsuitable for Agriculture and Forestry:
Mountains and deserts 40.5 50.2
Unrecorded, towns, water area, etc. 10.5 13.1
Total Unsuitable for Agriculture and | 51.0 63.3
Forestry
Total Area of Pakistan 80.6 100.0

Source: [12]
4. WATER REQUIREMENTS
4.1 Domestic Needs

In Pakistan, as in many agriculture base arid regions of the
world, about 97% of all river water is being used for agriculture
and the remaining 3% for domestic, industrial and other
purposes. In urban areas rainwater and ground water is used for
municipal supplies to meet domestic requirements. Table 3
shows the present and future domestic requirements assuming
per capita demand of 46 m® per annum.

Table 3. Water Demand for Domestic Use (10° m®)

Year 1990 2000 2025
Population (Million) 110 140 260
Water Demand 5.0 6.4 11.9

Source: [13]

4.2 Agricultural Water Requirements

About 70% of worldwide consumption of water is for
agriculture use, 8% for all domestic use, and 22% for industry
[14]. Due to the increase in population, global climate change
and intermittent drought cycles, water has become a scarce
commodity. Pakistan is a country, which is required, to double
its annual food production every 15 years in order to maintain its
status quo in meeting food requirements. With the population
growth rate of almost 2.5% per annum, the country would have
to feed 120 million additional mouths by the year 2025. Table 4
shows the production and water requirements of some major
crops to maintain self-sufficiency in food grains.

Table 4. Agricultural Water Demands (10° m®)

Crops 1990 2000 2025
Wheat 32.15 35.25 69.66
Rice 22.99 27.22 20.42
Cotton 16.74 19.23 23.68
Sugarcane 13.89 16.41 17.05
Other Crops 35.41 37.44 57.21
Total with Losses @70% 206.01 | 230.44 | 319.63

Source: [13]
4.3 Industrial Water Requirements

The industrial water demand is considered negligible when
compared with the domestic and agricultural demands. Current
water supplies to the industrial sector are only about 1.4 x 10° m?
representing about 1% of total water demand in Pakistan.
According to estimates, in industrial sector supplies are largely
derived from privately owned tubewells and about 2% of water
used by the industries is provided by the municipalities.
Industrial demand for water may be expected to increase in the
near future. The statistical survey of Pakistan indicates that GDP
growth generates by the major water consuming sectors of
industry has increased at an average rate of 2.9% over the past
decade. Assuming that this growth rate will be sustained, the
future demand of water for industrial use is as shown in Table 5.

Table 5. Water Demand for Industrial Use (10° m®)

Year 2002 2011 2025
Water Demand 0.44 0.92 2.88
% Increase - 33% 100%
Source: [1]

5. CHALLENGES IN WATER SECTOR

Pakistan is facing many challenges in water sector.
Pakistan’s problems in water sector are common to problems
encountered in arid regions of the world. These are generally:
scarcity of water, inadequate storage and sedimentation, water
logging and salinity, overexploitation of fresh groundwater; low
efficiency in delivery and use, inequitable distribution, pollution
of aquifers, insufficient cost recovery and low production per
unit of water.

5.1 Inadequate Storage and Sedimentation: Acute shortage of
water is expected in the future. It is feared that the currently
practiced institutional and management practices and
available infrastructure of the Indus River System will not
be able to achieve and sustain self-reliance in agricultural
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production. Sedimentation in the three major reservoirs —
Tarbela, Mangla, and Chashma is going to deplete their
storage capacities by over 4.9 x 10° m? (25%) by the end of
the year 2010, which will further aggravate the situation
[13].

Water Logging and Salinity: Indus Basin has flat
topography, poor natural drainage, porous soils, and
semi-arid climate with high evaporation. About 30% of the
irrigated area is waterlogged, with about half of it highly
waterlogged with water table depths less than 1.5m below
surface. It is estimated that soil salinity is decreasing about
25 percent of potential production of major crops.

Inefficient Agricultural Practices: Scarcity of water in the
century old irrigation system is being felt since long. As the
irrigation system of Pakistan consists of the perennial
rivers, a network of inundation and link canals,
distributaries, watercourses and irrigated fields, an
appreciable percentage of the water is lost through secpage
and evaporation. Despite the enormous shortage of water
for irrigation and domestic consumption, the users are still
using water most extravagantly and in most injudicious
ways. Crop yields in the country are among the lowest in
the World due to inefficient agricultural practices and
inadequate and untimely availability of water.

Groundwater Exploitation: Over the past 25-30 years,
groundwater use has been a major factor in raising
agricultural  production. Because of uncontrolled
private-sector development of groundwater, there is already
an evidence of excessive lowering of water tables and
intrusion of saline water into fresh-water aquifers.
Extensive groundwater surveys and monitoring is required
to identify, delineate and map such areas.

Operation and Maintenance of Projects: The development,
management, operation and maintenance of water sector
has been mainly in public sector. The pricing of water
services to consumers is not commensurate with the capital
and operational costs. Most of the water sector projects,
after completion, suffer due to non-recovery of cost and
become a burden on the exchequer.

Investment in Water Sector: The water sector has
experienced meager investments in the past in relation to
other commodities and most of investment has been on the
development of water sector. Whereas the management of
this huge knitted sector has been limited. Despite
ever-increasing water demand and emerging shortage, there
has not been any mega project in water sector after 1975.

Legislation and Regulation:  Presently, most of the
problems being faced in water sector both in qualitative
and quantitative terms may be associated with
non-implementation or non-existence of appropriate
legislative measures. There is no enforcement of
environmental regulations on industry to control disposal
of hazardous effluents. Moreover, only 3 percent of the
industry treats their wastewater while the rest discharge
untreated effluent into rivers, lakes and sea.

CONCLUDING REMARKS

Pakistan’s fresh water resources are becoming extremely

limited as can be concluded from the above stated facts. Acute
shortage of fresh water is expected in the future due to
imbalance between water availability and demands. The Indus
River System, as such, will not be able to sustain self-reliance in
agricultural production. For sustainable development, Pakistan
will not only have to utilize these resources efficiently, but
would have to introduce, in the irrigation system, additional
large surface storages by constructing small and medium dams
on small rivulets and streams. The quality of water is also
deteriorating with time. Future prosperity will depend to a
considerable extent on how well we harness and conserve
freshwater resources. Integrated water resources management is
a critical element in achieving good water governance.

7. RECOMMENDATIONS

The following recommendations need to be implemented in
an organized and coordinated way through concerted efforts
including better water management at the field level and good
governance. Sustainable development demands a deeper
knowledge of the interaction among economy, society and water
resources. Water conservation and sustainable water resources
management will be key measures to sustain the economic
development of Pakistan. The conservation approach has to be
performed in parallel with developing non-conventional water
resources, taking into account new developments in the
technology of desalination, wastewater treatment and water
saving techniques.

7.1 Improving Water Use Efficiencies: Besides greater efforts
would be required to implement more vigorously projects
in groundwater development, command water management,
on farm water management etc. The country would also
have to adopt advanced irrigation technologies (like
Sprinkler and drip Irrigation) to increase its crop
production per unit of water. These technologies can save
water by 40 to 70% on current irrigation practices. Land
leveling increase field application efficiencies in plain
areas where basin irrigation is the principal irrigation
practice: A water saving of up to 30% can be achieved by
using this technology alone.

7.2 Crop Management: To conserve water, meet water shortage,
and match water requirements with supplies, appropriate
changes in cropping management are considered necessary.
Strategy should be adopted to introduce low delta crops in
the cropping pattern when there is water shortage. This
would help to generate some income rather than complete
failure of high delta crops. Low delta crops with good
returns therefore, should be introduced in the cropping
pattern.

7.3 Construction of Storage Reservoirs, Evaporation Control
and Sediment Management: To harness and utilize water
resources currently going waste, small dam/storage
reservoirs need to be constructed wherever feasible.
Economical methods to control evaporation from reservoirs
should be developed. Considerable research effort needs to
be focused on development and use of economic methods
to sluice sediments from the beds of existing reservoirs.
Methods to control sediment entry into reservoirs and
canals need exploration.

7.4 Improving Recharge to Fresh Aquifers: The recent drought
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has highlighted the importance of groundwater to meet the
challenges of depleting surface water resources.
Consequently freshwater aquifers are coming under great
stress. Appropriate methods of artificial recharge should be
identified, evaluated and implemented by starting pilot
projects.

Awareness Campaigns: Most of the problems associated
with the water sector have risen from illiteracy and lack of
knowledge. There should be initiated programmes for
awareness of general public and users for water
conservation and management. It is crucial that water be
treated as an economic good.

Improvement of distributaries, minors and watercourses:
Improvement should be given more impetus by lining them
with appropriate lining materials and installation of control
structures for distribution of water. This is necessary as
such technologies can enhance conveyance efficiencies,
which are presently around 55% by almost 25%.

Rainwater Harvesting: Our neglected deserts are our future
land banks. The groundwater in the desert areas of Pakistan
is generally saline. Rainfall is the only source of freshwater
in these areas. The fresh source of rainwater could be
collected by adopting “Rainwater-Harvesting Techniques”
and by using appropriate interventions to store and utilize
water. Water available, besides fulfilling domestic and
livestock needs, could be used for developing small-scale
agriculture.

Use of Sewage Water: The main non-conventional source
of water is sewerage from cities and towns. Presently, it is
being disposed off directly into streams and rivers, which is
not only polluting the fresh water but also resulting in
wastage of water. Treated sewage water could be used on
large scale for irrigating different crops and for
groundwater recharge where water table is rapidly
declining due to huge withdrawal of groundwater. The
adoption and implementation of WHO guidelines on
wastewater use is desirable.

Water Quality — Assessment: Water pollution is becoming
diverse and complicated, and it is expected to increase in
future. A properly designed and implemented national
water quality-monitoring programme should be carried out
to assess the condition of both surface water and ground
water. Preparation of inventories for treated and untreated
waters and development of standards of disposal and new
techniques of waste disposals need to be developed to
control water pollution.

7.10 Saline Agriculture: Use of saline effluent to produce

7.1

—

commercially valuable crops is being pursued in a number
of countries. In conjunction with the canal water, low
quality groundwater can significantly increase the irrigation
water supplies. The saline groundwater extensively
available in various parts of Pakistan should be made best
use of through developing conjunctive use methodologies
and change of crops etc.

Establishment of Improved Flood and Drought Forecasting
Mechanism: The forecasting mechanism for flood and
drought should be improved, for saving precious life and

land. It is of utmost importance to develop efficient models
for predicting floods and droughts in different river basins.
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Abstract

Recently, “Water Issue” of the World, or of the 21¥ Century, is extensively argued in many countries in the world. What is the “Water
Issue” in the 21% century? We shall adopt to solve many problems which have been created through the rapid and disordered water
resources development in the 20 century. While intemational society is trying to solve the problems by taking into account of the poverty
and water security in the developing countries. The previous paper (Part I, Water and Environment Perspectives in the 20 Century)
reviewed the global perspectives of water and environment problems, which have been discussed in a series of world congress in the end
of 20" century. The paper, on the basis of such reviews, considers the actual conditions of the Global Environmental Issue or Water Issue,
and examines their essences, deducing the final destinations of those problems.
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“WATER?” an Urgent Issue at the 21* Century
Part ITL Efforts of the World Society for “Water Issue”
Ryoichi KAWASAKI*
* Samyu Consultants Inc., Tokyo, Japan

Abstract

Recently, “Water Issue” of the World, or of the 21% Century, is loudly argued about. What is the “Water Tssue™ then? It must be, in simple
saying, that the charge account of the rapid and haphazand water resources development in 20® Century has been just come down to us. The
paper reviewed the 20 Century focusing on environment and water issues, discussed with “Global Environmental Issue’” and “Wter Issue”,
and revealed the essence of the water issue. Then, the paper summerized the world’s efforts to save this issue through the reviewing of
worldwide conferences and outcomes from them, together with the introduction of Japan’s ODA as one of the major donor with its short
history and procedure, Farther, the paper infroduced a preferable approach, obtained through the author’s experiences, to make up a water
resources development plan in the area with poor basic hydrological data availability. The paper, continuously, suggested the urgent
challenges to be done now, by both the developed and the developing countries, and finally showed the outlines of sustainable water
resources development and management to be adopted in near fiture, for both traditional and nontraditional methodologies.

The paper consisted of five parts: Brief History of 20th Century for Environment, What is “Global Environmental Issue” and *“Water
Issue”, Efforts of the World Society for “Water Issue”, Water Resources Development Plan in the Area with Poor Basic Hydrological Data
Availability, and Summery and Conclusion. This paperis Part IIL of them.

Keywords: World Conference on Water Issue, Water Issue, Japan’s ODA, United Nation, OECF, World Bank, Asian
Development Bank, ODA Charter, JICA
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A Simple Application of a Velocity Sensor based on the Doppler Effect of Ultrasonic Sound
Waves for Measurement of* Discharge from Small-scale River
BLE 6mm v ” _
Masanori YOSHIDA* and Toshifumi MURAKAMI* L R
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¥ National Agricultural Research Center for Western Region, 2575 Ikanochou, Zentsuji City, Kagawa 765-0053, Japan H F40X 114&, T‘SPI'I
I FALAX 134k, 9L ‘Abstract 4__{ FALXHE—=LF 138, opt l

A hydrometry of small-scale river using a velocity sensor based on the Doppler effect of ultrasonic sound waves was
discussed. Cross-sectionally averaged stream velocity was estimated from velocity measured by the sensor. Then,
discharge data including storm runoff were obtained safely and accurately, by the way of multiplying the cross-sectionally
averaged stream velocity by cross-sectional area of flow estimated from water level.

£ * In additjon, the hydrometry using the sensor was revealed to have advantages as follows: £
5 1) settlement of the sensor in a river is authorized easily, S.E
2) cost spent on equipment and the settlement is low,
3) frequent and automatic measurement is available,

From above results, the hydrometry using the sensor is concluded to be worth utilizing for a long-term monitoring
system to evaluate discharge and pollution load from small-scale river located on agricultural watershed in hilly and
mountainous region. =

FAL LXM=L F 134R, opt ” —{ihit s |
Key words : ultrasonic sound wave, the Doppler effect, agricultural watershed, stream velocity, storm runoff
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and regression curve of cross-sectionally averaged velocity as
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